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Introduction.

The purpose of this investigation was to

Btudy in detail the production of sodium chro-

mate under various conditions of operation.

This salt is the "basic material for the

production of all of the numerous chromates and

"bichromates. Altho it has "been manufactured on

a large scale for many years, the processes are

for the most part crude, lahorioue, and expen-

sive. Recently a number of patents have heen

issued on operations which the patentees claim

are more efficient than the older methods. The

ohject of this work was to investigate some of

these claims in order to substantiate or improve

upon the results obtained.
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Present Methods of Production.

The underlying principle in all the methods

of preparation is to heat a chrome iron ore,

FeO.Cr^Oj, containing from 40^ to bbi> Cr^O^ , with

a haee or a mixture of hasee. Those employed are

potassium, sodium, or calcium hydroxide and potas-

sium or sodium csrhonate.

The presence of lime makes the mass more per-"

ous hut less fusihle. On the other hand, the ad-

dition of sodium chloride or an excess of sodium

hydroxide makes the mass more fusihle, thus per-

mitting a reduction of the operating temperature.

The ingredients should he finely ground and

intimately mixed. Ordinarily the operation is

conducted ahove the fusion temperature of the al-

kali, and some means of agitating the mixture is

required. An air blast is often used, the air he-

ing introduced into the molten mass, altho it may

he only hlown across the surface. Oxygen, as well

as air, free from carhon dioxide, has heen employed

in the same manner
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Tlie chemical reactions are prc"ba"bly as

follows

:

4 [Pe (CrOa),^ = ^©0 ^ CraOj

2 [2 FeO^ Oft = Fe^^OjJ

2[2 Cr^Oj ^ 50;^ = 4 CrOjJ

8 [ CrOj^ 2K0H = K^CrO^ -t E^o]

or 4 Fe (Cr0a)2*16 KOE^ 7 0:^=2 Fe^0j.-8 K^CrO/8 E^O,
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The Rotating Furnace.

Before the rotary furnace came Into common

usage in chemioal industries', sodium chromate was

made in a revertatory furnace or in a large iron

kettle. Every successful method required some

means of agitating the molten mass, usually a

"blast of air. More recently, however, rotating

furnaces have come into common practice. In 1908

a U.S. patent, Ho. 901,470 was issued on a ro-

tating furnace "built for the production of sodium

chromate. In Dec. 1913, a U.S. patent, Ko. 1,081,

625, was issued on a furnace that had an accessory

for feeding the raw material. In Mar. 1917, a

Swiss patent, Ko. 73,575, was issued on a furnace

that contained an additional feature providing con-

tinuous agitation.

With this information available and a general

knowledge of furnaces, we decided to o"btain a ro-

tary furnace that would on a small scale give the

desired results. The attached "blue print is the

design of the furnace that was to have "been used.
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However, we found that this furnace would not "be

available in time for us to make the desired tests.

Consectuently, we had to construct one of the ma-

terials on hand. Except that the diameter of the

furnace used was not large enough, it was satis-

factory. If the diameter were greater, a larger

charge could have "been used, permitting air to be

bubbled into the molten mass.

The furnace was driven by a 0.1 H.P. motor

at a rate of 9 r.p.m. It was gas fired, city gas

being pumped in by attaching a vacuum pump to the

city main. The highest temperature attainable

was 570*" C, which would have been otherwise im-

possible. A pyrometer and thermo-couple permitted

exact control of the temperature. Maintaining

the temperature constant was quite easy. In the

last test a blast of air was used, a steam pump

supplying the air at a pressure high enough to

Insure rapid circulation within the furnace, al-

tho no effort was made to blow air into the mol-

ten mass.

-5-



t
•







-'-"V
III
If

ill

^£ i



\



Our Methods.

We intended to use pure chromic ojride for

the first few tests, varying the time, tempera-

ture, and quantity of alkali. Later we expect-

ed to add iron oxide to determine the effect of

it. The final tests were to be made with chrome

iron ore.

A close investigation of the quantities of

raw materials used in a large numher of processes

revealed this relation "between the concentration

of alkali and chromic oxide: if the concentration

of the alkali were expressed in terms of chemical

equivalents of sodium hydroxide, the ratio of the

weight of the caustic soda to that of the chromic

oxide averaged very nearly 3tol. Ina few in-

stances the variations from this were large, but

the best practice apparently calls for approxi-

mately this vaOlue. The theoretical requirements

demand a ratio of 1.05 to 1.

Consequently, we decided to use the ratio of

3 to 1 as a basis of calculating our charges. Thus

the first run was to have been made with three

parts of caustic soda and one of chromic oxide; the
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second was made with 1 pt. of oxide, 1 pt. of

caustic soda and 1.32 pts. of soda ash, the

equivalent of one part of caustic soda; etc.

Owing to the presence of impurities, however,

the proportions of the ingredients varied from

the hasic charge.

The first few tests, of course, formed the

hasis of the succeeding work.

The temperature used was Just sufficient to

keep the mass fluid. However, as the concentra-

tion of the caustic soda diminishes, the mass he-

comes more viscous and finally solid. The effect

of raising the temperature is described later.
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Methods of Analysis.

The progress of our work was governed by

conclusions dra-^n from chemical analyses. Be-

fore each test samples of the raw products and

the chrome mix were analyzed. Samples of the

batch v/ere removed periodically, at least one

every half hour. Each sample was finely groiind

and bottled, the bottle being labeled and sealed.

A quick method of estimating the percentage

of chromate is to dissolve 3 certain volume of

a sample in about 30 c.c. of boiling water. The

amount of precipitate remaining is a measure of

the incompleteness of the reaction.

For the various analyses a one gram sample

was dissolved in water, which was then boiled

for half an hour. The solution was made up to

250 c.c. and an aliquot part (25 c.c.) was used

for each analysis.

The percentage of chromate formed was de-

termined by titration with N/lO permanganate

against the sample, after adding 5 c.c. of stand-

ard ferrous sulphate, the former being stand-
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Aardized against a tenth normal solution of

sodium oxalate, the result "being checked hy

titration against a weighed amount of chem-

ically pure sodium bichromate. To facilitate

the calculations, the strength of the perman-

ganate solution was expressed in terms of per-

centage of sodium chromate per c.c. of perman-

ganate*

To determine the ratio of soluhle chromate

to the possihle quantity if all the chromium

were in that form, an analysis of total chro-

mium was necessary. The most satisfactory me-

thod was found to he as follows: ^ one gram

sample was dissolved in dilute sulphuric acid

and the solution boiled; 10 c.c. of a dilute

solution of potassium permanganate were added;

the boiling was continued until the purple col-

or disappeared; the solution was filtered and

diluted to 250 o.o* an aliquot part (25 c.c.)

being analyzed as before.

A knowledge of the nature, as well as the

quantity of the alkali, was essential if the pro-

portion for the best yield was to be ascertained.
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We found that the method, "by which the percent-

ages of caustic soda and soda ash are determined

"by titrating against an acid solution and using

as indicators phenolphthalien and methyl orange

successively, is not reliable for this particular

analysis. Consequently, these were separately an-

alyzed*

The caustic soda was detennined as follows:

to an aliquot part of the water solution, prepared

as described ahove, was added a solution of "barium

chloride (not more than lOfo excess) to precipitate

all of the carbonate, a drop of phenolphthalien is

added, and enough of a tenth normal solution of

oxalic is added until the red color disappears. As

the oxalic acid is accurately prepared "by dissol-

ving the exact weight of air-dried crystals in wa-

ter, each c.c. was equivalent to four percent

13aOE.

To determine the total alkali, an aliquot

part of the water solution is titrated with a

tenth normal solution of hydrochloric acid using

methyl orange as an indicator. The acid equiva-
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lent of the total alkali minus the acid equiva-

lent of the caustic soda gives the acid equiva-

lent of the soda ash. Of this value, each c.e.

corresponds to 5.^ Ha^CO^ •
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Charge So* 1.

The first charge was a mixture of 1 Ih. pure

chromic oxide and 3 lh» commercial caustic soda

which corresponds to the following analysis:

Cr;,C,





gas supply. During tlie next hour the tempera-

ture rose steadily until 570*C,, which was the max-

imum temperature that could "be ohtainel. During

the rest of the run, which lasted seven hours, the

temperature was maintained at 565* - 570,

The analysis of the fourteen samples shows

that the percentage of ehromate formed varied as

follows

:

Time









solu"ble chromate may be caused "by either, or

"both, continuecl heating or the increase in tem-

perature.

As the concentration of chromate increased,

the concentration of sodium hydroxide decreased,

and vice versa, the minimum alkali "being present

after 3 l/2 hours.
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Cliarge lo. 2.

This charge was based on the intention to

have chemically equivalent quantities of UaOE

and Haj^COj, the sum being in the proportion of

2.52 of HaaO (or 3 of HaOH) to 1 of Ct^O^ Its

composition was as follows:
'

Cr^Oj
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This temperature was maintained for the reet of

the run, which. amounted to five hours.

The following values show the variations in

the composition:

Time ^ of Mass % Converted

1 1/2 hrs. 13.60 37.50

4 " £9.60 67.50

5 »» 21.90 49.60

The accompanying curve shows the variation

with time in the percentage of sodium ehromate.

As in the previous run, the concentration of sodium

hydroxide decreased, and vice versa, the minimum

alkali "being present after four hours.

-16-





Charge Ho. 3.

This charge was based on the intention of

having twice as much alkali in the foim of soda

ash as in the foim of caustic soda. Its coinpoEi-

tion was as follows:

Cr^O^







r



Time ^ of Mass $ Converted

1 lir. 13.60 43.00

2 1/2 hr. 16.40 53.00

4 hr. 17.80 57.50
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Cliarge Ho. 4»

Finding that the amount of sodium chromate

decreased with the increase in the amount of so-

dium cartonate, it was decided to make this run

with less of the soda ash. That amount used is

the theoretical alkali equivalent, independent

of the caustic soda. The analysis was:

Ctj^Oj





^^
r^ IJ^^^P

»« .
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The amount of sodium chr ornate formed in-

creased hourly and reached a maximum at the end of

the run, which was four hours after we had started,

ITo doubt this run should have teen at least one

and one half hours longer; however, the results

are indicative of what may have happened in a long-

er run. The analysis of the samples taken gave

results similar to the following:

Time





Charge Ho. 5.

From our work in the first four tests, it

"became apparent that we were approaching a max-

imum effect in our yield of sodium chromate due

to the composition of the alkali used. Conse-

quently, we decided to use the following per-

centage of alkali and oxide:

CrA













Charge ISTo. 6.

Having estatlielied the relation hetween

Cr-,Oj, UaOH. and HaaCOj, which yields the max-

imum sodium chromate, we decided to make simi-

lar tests using chrome ore. Due to the fact

that none was immediately available we mixed

quantities of ferric oxide and chromium oxide

that would be representative of an ore. This

should also enable us to determine what influ-

ence the ferric oxide had on the formation of

the chromates. The composition of the prepa-

ration was as follows:

Cr,0,





^^^^^^M ^^^^&^ ^^^^^Bl^^^^H.* ^^^^&^^^^^^kl^^^^^H ^^^^r^





At this point a "blast of air was introduced.

The air was merely blown across the surface

to insure a rapid circulation within the fur-'

nace. Had the blast been forced below the

surface of the molten mass, probably the ox-

idation would have been more rapid and more

complete.

The following analyses are taken as typi-

cal of the results:

Time





Tatle of Results.

Charge #1 #2 ji-

m. #4 iL
laOE 68.5^ 29.2^ 19.^ 59.9^ 50^

BaaCOj 5.1^ 40.8/ 48. 29. 24.1^

Max.
Yield

25$^ cC22.25% 21.5^ 22.9^ 18.8^

43.65^ 68.^ 57. 88^ 92.5^
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The following ouires show the relation

between the various tests when the chromic ox-

ide was used. The first shows the yield of

sodium chromate, that is the ratio of percent-

age obtained to the possible percentage, as

it varies with the time. The second shows the

variation of the yield with the alkalies.
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Conclusion.

The results of our work seem to justify

the following statements:

1. To ohtain a good yield of sodium chro-

mate a large excess of alkali is required; with

certain modifications, the larger the excess,

the greater the yield.

2. The use of either caustic soda or soda

ash exclusively results in a poor yield.

3. The percentage of soda ash is not ap-

preciahle diminished hut usually increased.

4*. Daring the first few hours, the percent-

age of sodium hydroxide decreases rapidly; and

if the temperature remains constant, the mass he-

comes more viscous. Finally the entire mass he-

comes solid, forming lumps or caking on the wall

of the furnace.

5. After this condition is reached, the

chromlte is hut slowly oxidized. After two hours,

a maximum conversion to chromate is ohtained. Pro-

longed heating heyond this "peak" or raising the

-27-





temperature tends to reduce the chromate. Prom

the appearance of the charge at this time, we

^udge that the chrornate on the exposed surface

is not changed, but that the reduction is caused

by the prolonged contact of the chromate mth

the hot iron at the wall of the furnace.

6. The use of temperatures above 450° C. was

found unnecessary; the such temperatures might

be beneficial in the early part of the run, after

the mass becomes solid they are detrimental.

7. The raw materials should be as rich in

the active ingredients as is consistent with econ-

omy, because the results indicate that anything

that tends to dilute active reagents decreases

the rate of reaction.

The economic operation on a commercial scale

would require the use of alkali in the ratio of

at least three parts of laOH to one of CraO, , the

alkali being obtained from a mixture of two parts

of caustic soda to one of soda ash. As nest of

the excess alkali is recovered, the use of still

-28-





more caustic soda is rGCcommended; as the econo-

my of this is questionable, further experimenta-

tion would be necessary to determine the expedi-

ency of this procedure.

We suggest that several trials he made in

which the additional alkali be charged in stages,

such as every half hour during the latter part

of the run.

AS an air blast increases the rate of reac-

tion, as well as the yield, its use would be in-

dispensable. To use air most efficiently, it

Should be bubbled into the molten mass. This

would require a furnace, of a larger diameter in

proportion to its length; probably one about the

shape of a ball mill would be best. Such a fur-

nace would possess less surface in proportion to

its capacity, which is a desirable feature. We

feel certain operations conducted fifcn the above

basis would insure the maximum, as well as the

most economical, production of sodium chromate.
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BitliograpLy.

nearly all of the information on this suh-

^eot found in the text "books, dealing with the

older practice, was unsatisfactory. Consequent-

ly, the major part of our investigation of the

subject was made in the current literature and

the following abstracts:

Mining & Science Press (1916) Vol. 113, p. 845-6
''Mfg. of Chromate from Chromite"

Chemical Abstracts (1917) Vol. 11, p. 1733
'TJse of EfaCl and CaO" Brit. pat. 103,696

Chemical Abstracts (1918) Vol. 13, p. 250
"Mfg. of Alkaline Chromate s" B.p. 119,647

Chemical Abstracts (1918) Vol. 13, p. 1374
"Preparation of Alkali Chromates"

Engineering & Mining Journal (1918) Vol.105
"Chrome Ore" p. 420
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